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Akira Takahashi* & Michio Tamura**: Occurrence of 
vessel elements in the stem of Sarcandra glabra 

Sarcandra glabra has long been known as a member of vesselless dicoty¬ 
ledons (Swamy & Bailey 1950, Swamy 1953). Recently, however, Carlquist 
(1987) reported the presence of vessels in the secondary xylem of root. Taka¬ 
hashi (1988) also detected the vessels in the metaxylem of stem. In this paper, 
by means of scanning electron microscopy, we will report at what part of the 
stem the vessel elements are formed. 

Materials and methods The stems of Sarcandra glabra (Thunb.) Nakai 
were collected from Iriomote Isl., Okinawa Pref. (vouchers: Okada et al. 206, 
207 , 250, 271, in Herbarium of Kobe University) and immediately fixed in 
FAA. Methods for light and scanning electron microscopy were the same as 
those used by Takahashi (1988). 

Results and discussion The stem is 10-15 mm in diameter, and in the cross 
section, 30-40 vascular bundles are arranged in a ring. Each vascular bundle 
is composed of secondary xylem of 2-3 mm thickness and a small amount of 
primary xylem. Fascicular cambia produce tracheary elements, while inter¬ 
fascicular cambia produce sclerified parenchyma cells which develop into multi- 
seriate rays. The width of the vascular bundles varies from 100 to 700 gm and 
the number of cells in tangential direction varies from 5 to 40. The width of 
each vascular bundle and the number of cells do not increase greatly during 
the secondary growth. 

In radial section, the inner elements of the primary xylem have helical 
thickenings, and the outer elements have scalariform pits at the end walls. In 
the secondary xylem, earlier formed innermost elements have scalariform pits, 
which are shorter than those in the primary xylem. Later formed elements 
have circular bordered pits with oblique apertures. The tracheary elements are 
generally the thickest in the metaxylem and become narrower toward the out- 
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Fig. 1. Cross section of stem, bb, broad vascular bundle; mx, metaxylem ; nb, narrow vascular 
bundle; p, pith; px, protoxylem ; r, multiseriate ray; sx, secondary xylem. Bar=200 ^m. 


side. 

In the broad vascular bundles (Fig. 2), the pit membranes are not always 
present in the tracheary elements. The membranes are not observed in scalari- 
form pits of metaxylem elements (Fig. 5) and in scalariform (Fig. 6) and cir¬ 
cular pits (Fig. 3) of earlier formed secondary xylem elements. In later formed 
secondary xylem, however, the membranes are present in circular pits of its 
elements (Fig. 4). Occasionally, granular or thread-like substance is observed 
in the scalariform and circular pits (Figs. 7-9). These substance seems to be 
the debris of disintegrated membranes. The metaxylem elements are 26-50 pm 
in radial diameter with the scalariform pits whose apertures are 14-38 pm x 1.0- 
2.3 ^m and regarded as vessel elements because of the absence of pit mem¬ 
branes. The elements of earlier formed secondary xylem are 19-34 pm in radial 
diameter with the scalariform pits whose apertures are 5-18 t um x 1.0-1.8 ^m 
and also regarded as vessel elements. The elements of later formed secondary 
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Figs. 2-6. Scanning electron micrographs of radial sections of broad vascular bundles. 2. Meta- 
xylem (left side) to secondary xylem (right side). 3. Element of earlier formed secondary 
. xylem. showing circular pits without pit membranes. 4. Element of later formed secondary 
, xylem, showing circular pits with, pit membranes. 5. Metaxylem element, showing scalari- 
form pits without pit membranes. 6. Elements of earlier formed secondary xylem, showing 
scalariform pits without pit membranes. Bar=50 /tm in Fig. 2, and 5 /<m in others. 
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Figs. 7-12. Scanning electron micrographs of radial sections of broad vascular bundle (7-9) and 
narrow vascular bundle (10-12). 7-9. Elements of metaxylem (7) and secondary xylem (8 & 
9), showing granular substances in their pits. 10. Metaxylem (left side) to secondary xylem 
(right side). 11. Elements of earlier formed secondary xylem, showing scalariform pits with 
pit membranes. 12. Metaxylem element, showing scalariform pits with pit membranes. Bar= 
50 /am in Fig. 10, and 5/.<m in others. 
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xylem are 10-28 in radial diameter with the circular pits whose apertures 
are 3-5 pm x 1.0-1.4 pm and regarded as tracheids because of the presence of 
pit membranes. 

In the narrow vascular bundles (Fig. 10), the membranes are always ob¬ 
served in the scalariform pits of metaxylem elements (Fig. 12) and in those of 
secondary xylem elements (Fig. 11). The metaxylem elements are 20-43 n m 
in radial diameter with the scalariform pits whose apertures are 12-36 pm x 

I. 0-2.0 pm. The elements of earlier formed secondary xylem are 16-36 pm in 
radial diameter with the scalariform pits whose apertures are 4-12 pm x 1.0-1.8 
pm. The elements of later formed secondary xylem are 12-30 pm in radial dia¬ 
meter with the circular bordered pits whose apertures are 3-5 pm x 1.0-1.3 pm. 
These elements are regarded as tracheids because of the presence of pit mem¬ 
branes. 

The above description shows that in the broad vascular bundles, the ele¬ 
ments of metaxylem and earlier formed secondary xylem are 19 to 50 pm in 
radial diameter and have no pit membranes, while in the narrow vascular 
bundles, the metaxylem elements have pit membranes even if they are as thick 
as 40 pm. The loss of pit membrane (i. e., vessel formation) is not affected by 
the thickness of tracheary elements at least in Sarcandra. In this genus, the 
vessel elements occur in the earlier formed secondary xylem, as well as in the 
metaxylem. 

We are „very grateful to Prof. Dr. K. Yashika, Osaka University, for his 
encouragement throughout this study. 
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